Numerous studies show that the pathology of Alzheimer's disease is present decades before a clinical diagnosis of dementia can be made. Given the likelihood that agents will become available that reliably delay onset and/or slow progression of Alzheimer's disease, it will be important to detect preclinical Alzheimer's disease as early as possible for maximal treatment effect. Detection of individuals by sensitive cognitive measures provides one way to identify people who are at high risk of developing clinical Alzheimer's disease. However, it is likely that those with considerable brain or cognitive reserve will be able to mask cognitive deficits until very close to the onset of the dementia, rendering such cognitive measures insensitive. Optimum biomarkers for Alzheimer's disease therefore need to target the severity of underlying brain pathology independently of brain reserve. Findings are presented showing the importance of higher education and larger brain size in masking the underlying disease pathology. (J Geriatr Psychiatry Neurol 2005;18:218-223) 
gest that Alzheimer's disease (AD) begins relatively early in life and progresses "behind the scenes" for decades before it is clinically expressed. This raises the possibility that individuals who will eventually express the disease can be identified long before the initial symptoms appear and that interventions to prevent disease expression can be targeted to such people at high risk. Detection of individuals by sensitive cognitive measures provides one way to identify people who in the future are likely to develop AD. However, it is likely that those with considerable brain or cognitive reserve will be able to mask cognitive deficits until very close to the onset of the dementia, rendering such cognitive measures insensitive. Optimum biomarkers for AD therefore need to target the severity of underlying brain pathology independently of brain reserve.
ALZHEIMER NEUROPATHOLOGY AND COGNITIVE/LINGUISTIC MARKERS IN EARLY ADULT LIFE
Evidence supporting the presence of Alzheimer neuropathology decades before the age at which clinical expression usually occurs is provided by autopsy studies of individuals without dementia. Braak and Braak 1 studied Alzheimer neuropathology in routine autopsies of 2661 individuals and found that by age 25 about one fifth of those autopsied were in Braak neurofibrillary stage I, the mildest stage of pathology. Because Braak stage can only be ascertained at autopsy, it is impossible to demonstrate that the disease progresses through an orderly sequence of stages from I to VI. However, the presence of individuals who have attained an advanced age and show little or no neurofibrillary degeneration at autopsy is consistent with this stage representing the earliest manifestation of the AD degenerative process.
Snowdon et al 6 used autobiographies written by Catholic sisters at an average age of 22 to show that characteristics of these autobiographies strongly predicted who would develop both clinical and pathological AD 60 years later. The critical characteristic, idea density, measured the semantic content of the essays. Nuns with idea density in the lowest tertile were almost 60 times more likely to fulfill criteria for clinical and neuropathological AD in late life compared with those who scored in the upper two tertiles of this measure. Other studies based on cognitive assessments given as part of longitudinal studies of aging suggest that those who are destined to become demented in the future score differently on a variety of cognitive measures decades before the initial signs of the dementing illness become apparent. [2] [3] [4] [5] 
TWO SETS OF RISK FACTORS FOR AD
The fact that pathological lesions can be present long before clinical symptoms appear suggests that there may be 2 distinct sets of risk factors for this illness, one for the pathology and the other for the clinical expression. We have argued elsewhere 7 that the pathology of the disease is primarily genetic in origin. The strongest data in support of this view come from studies of older twin pairs. Heritability estimates from existing studies (.74, .58) suggest that AD is likely to be strongly inherited. 8, 9 However, differences in the age of onset in concordant twin pairs imply a role for nongenetic factors in determining the age of onset. 8 A second line of evidence comes from autopsy studies, which show that the presence of 1 or more ε4 alleles for apolipoprotein E is generally associated with an increase in the severity of the neuropathological findings. [10] [11] [12] [13] In the Nun Study, we found that the presence of APOE-ε4 genotypes was associated with a sixfold increase in the probability of meeting neuropathological criteria for AD at autopsy but only a twofold increase in dementia. 13
RISK FACTORS THAT MODIFY THE CLINICAL EXPRESSION OF AD PATHOLOGY
One of the reasons for the difference in risk of pathologically and clinically defined AD associated with APOE-ε4 may be that a substantial proportion of individuals satisfying neuropathological criteria for AD at autopsy do not become demented before death. As shown in Table 1 , this percentage can be quite large, suggesting that there are likely to be risk factors that modify the clinical expression of the pathology of AD. Two of these factors are attained education and the size of the fully developed brain. Numerous studies have found low educational attainment to be a risk factor for prevalent [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] and incident 31-41 dementia, although a few studies have failed to confirm this association. [42] [43] [44] The effect of lower education on the expression and detection of AD is likely multifactorial, related to lower IQ, poorer test-taking ability, and less mental exercise. Smaller brain size attained in childhood, 45 estimated from scans [46] [47] [48] or from head circumference, [49] [50] [51] has been associated with increased prevalence, 48,51 increased incidence, 52 earlier onset of symptoms, 47 and increased severity of cognitive deficit 46, 49, 51 in AD as well as with lower scores on cognitive screening tests in a community sample of nondemented older adults. 50 However, negative studies have been published in which total intracranial volume, a measure of maximum attained brain size, was found not to be associated with the presence of AD in studies of clinically derived cases and cognitively normal community volunteers.
53,54 Figure 1 shows findings from a large study of older persons who were screened with a mental status exam called the Cognitive Abilities Screening Instrument or CASI. 49 16 Snowdon et al. 17 19 31 had no effect on global cognition among those not meeting study criteria for probable AD. Borenstein-Graves et al 52 later showed that head circumference was related to incidence of AD among initially nondemented older persons followed longitudinally who carried 1 or more e4 alleles for apolipoprotein E but not among people who did not carry this allele. The combination of a strong risk factor for Alzheimer neuropathology and a risk factor for clinical expression predicted who would become demented in the future.
Given the protective value of higher education and larger brain size, one can ask whether the combination of these two characteristics is more beneficial than either one in isolation. Recently, we examined this possibility using data from the Nun Study. 56 The findings, summarized in Figure 2 , show that larger head circumference is an important protective risk factor for the clinical expression of dementia, but only among those with lower education. Either high education or a larger brain is sufficient to lower the risk of dementia appreciably, and the additional benefit from having both is small. Autopsy data from patients in this study showed that neither head circumference nor attained education was related to satisfying neuropathological criteria for AD, consistent with findings of other investigators. 57 The result of further investigation of the modification of clinical status by education is shown in Figure 3 . Among those Catholic sisters with high (vs low) educational attainment, the frequency of dementia before death was reduced by 26% for those in milder neuropathological states of the disease (Braak neurofibrillary stages I-III) and 13% for those with more severe pathology (Braak neurofibrillary states IV-VI). Education has a powerful effect in reducing the severity of cognitive impairment in individuals with moderate AD pathology. As the severity of the pathology increases, the protective role of education remains but is diminished.
NEUROPATHOLOGY OF MILD COGNITIVE IMPAIRMENT
In an effort to intervene earlier in the disease course, considerable attention is being given to identifying individuals at the stage of mild cognitive impairment. Although patients at this clinical stage do have milder pathology (Figure 4) , approximately 50% are already in Braak neurofibrillary stage III or higher, and 1 in 5 are likely to be in advanced stages of neuropathology. 58 Clearly, earlier identification is needed before substantial and possibly irreversible degeneration has occurred. Ideally, persons at risk for AD should be identified 3 to 4 decades in advance of clinical expression when the opportunity to prevent substantial degeneration is likely greater.
BIOMARKERS OF PATHOLOGY THAT ARE INDEPENDENT OF BRAIN RESERVE
Although it is clearly beneficial to have higher education or a larger brain or both, either of these characteristics is sufficient to mask the presence of substantial pathology.
How does one go about identifying individuals who because of their reserve are likely to postpone cognitive impairment for years and even decades? To do this, one needs to focus on biomarkers that identify pathology independent of brain reserve. Validation ideally would involve correlation of such a marker against pathological findings at autopsy. To be useful for population screening, the biomarker also should be as noninvasive as possible and relatively inexpensive. Markers for in vivo brain βamyloid, such as the Pittsburgh Compound B (PIB) that requires a positron-emission tomography (PET) scan, are unlikely to be useful for population screening. Less costly, but invasive, would be markers obtained from samples of cerebrospinal fluid. Ideally, we would like a simple blood test similar to prostate specific antigen that would identify people at high risk of AD. If such a blood test became available, those with positive tests could be evaluated with more specific tests, including magnetic resonance imaging (MRI) and PET scan measures closely correlated with pathology.
HIPPOCAMPAL ATROPHY AS A MARKER OF AD PATHOLOGY
The key to viable biomarkers is the demonstration that they identify individuals with considerable Alzheimer pathology while they are still nondemented and preferably free of memory impairment. Hippocampal atrophy is perhaps the best studied structural MRI marker of AD.
Recently, we have shown using postmortem MRI scans from the Nun Study that hippocampal volume is strongly correlated with Braak neurofibrillary stage. 59 Surprisingly, MRI appears to track even the earliest stages of the disease, offering hope that it can be used to identify indi-viduals with the illness decades before clinical symptoms appear. Similar findings have been published by others 60 based on correlations between antemortem MRI scans and autopsy findings. Table 2 summarizes the findings of a recent study of 32 Catholic sisters who were nondemented at the times of their deaths. 61 Forty-four percent of these sisters met neuropathological criteria for AD at autopsy. The sensitivity of hippocampal volume was 100% for all categories, and the specificity ranged between 83% and 100%. Overall classification accuracy ranged from 91% in cognitively normal sisters to 100% in those showing memory impairment short of dementia.
COMBINATIONS OF BIOMARKERS
Because there are multiple causes of hippocampal atrophy, it is unlikely that this single measure alone will be sufficient to identify individuals harboring pathological AD. However, combinations of hippocampal volume with global atrophy measures and volumes of other regions thought to be involved early in AD may provide a reliable index of AD neuropathology, especially at more advanced Braak stages.
A variety of different biomarkers need to be investigated for their association with one another and with the severity of neuropathology assessed at autopsy. These biomarkers include but are not limited to structural and functional MRI markers, PET markers of amyloid β pathology, olfactory loss, plasma Aβ 1-42 , antibodies to Aβ, and levels of other serum proteins.
ULTIMATE BENEFICIARIES OF VERY EARLY DETECTION
Given the likelihood of development of agents capable of slowing the disease process, we need to be able to identify individuals who are at very high risk of developing AD, preferably decades before symptoms appear. The prospects for very early detection and prevention of AD are promising. Although initially, early detection procedures for this illness likely will be used in those in middle age and beyond, the children of Alzheimer patients, who are at heightened genetic risk, will be the ultimate beneficiaries of this technology when it becomes available. 
